Electrolysis of low-concentration solutions of salts such as KCI and NaC1 produces electrolyzed-reduced water (reduced water) and electrolyzed-oxidized (oxidized water) water near the cathode and the anode respectively. Oxidized water has been gradually recognized as having properties such as low pH and high free chlorine concentration which contribute to bactericidal activity, and its application has been evaluated in several fields such as the disinfection of medical instruments (Iwasawa and Nakamura, 1996) , and crop disease control (Fujiwara et al., 1998) . Reduced water, which exhibits high pH and extremely negative oxidation-reduction potential (ORP), is occasionally utilized for irrigation, however, the physiological effect of reduced water on plant growth is still unknown.
Recently, it was demonstrated that reduced water could scavenge reactive oxygen species including 1O2, O2-, H2O2 and • OH, and could protect single strand DNA from oxidative damage in vitro (Shirahata et al., 1997) . This result implies that reduced water may protect biological macromolecules from oxidative damage in living cells . Reactive oxygen species or free radicals are generated concurrently with metabolic processes in living cells , and have a highly destructive reactivity with biological molecules . In green plants, light-dependent depression of photosynthetic activity is often observed under conditions where plants are stressed. This phenomena, called photoinhibition , is attributed to photooxidative damage of photosynthetic reaction centers and several Calvin cycle enzymes caused by reactive oxygen species produced in chloroplasts (Asada 1994; Foyer et al ., 1994) . If reactive oxygen species generated in plant cells could be scavenged by reduced water then the photosynthetic apparatus might be protected from photooxidative damage .
In a previous study, it was shown that reduced water irrigation did not enhance the growth of potted lettuce seedlings grown under typical photoinhibitory conditions, mild drought, low temperature and high light intensity (Iwabuchi et al ., 2000) . Since the ORP property of reduced water was very variable, the antioxidative function might remain only for short term and could not enhance growth. Therefore, direct assessment of leaf photoinhibition may reveal whether the antioxidative function of reduced water affects to photoinhibition of photosynthesis. Photoinhibition is often observed under conditions of plant stress such as chilling , high temperature and drought.
Under stress conditions , the utilization of photon energy is limited due to inhibited carbon metabolism, resulting in excessive production of reactive oxygen that induces destructive oxidization of the photosynthetic apparatus . In particular, lightdependent, chill-induced decreases in photosynthesis have been attributed to photoinhibition of photosystem II (PSII) activity (Ortiz-Lopez et al ., 1990) . For many years, chlorophyll fluorescence has been used as a probe to estimate the efficiency of electron transport through PSII. The ratio of the level of variable to maximal fluorescence (F v/Fm) of dark-adapted leaves estimates the maximum quantum efficiency of PSII photochemistry and has been used as an index of photoinhibition induced by environmental stress (Genty et al ., 1989) . The quantum efficiency of PSII photochemistry (q,,) of leaves operating at steady-state photosynthesis at a selected photosynthetic photon flux density (PPFD) also provides a useful probe of the photosynthetic performance of leaves during chill-induced photoinhibition (Andrews et al., 1995) .
The objective of this study is to examine the effect of reduced water on light-dependent , chill-induced photoinhibition of photosynthesis . Chlorophyll fluorescence parameters were determined for spinach and sweet potato leaves which were treated with reduced water and exposed to low temperature and high light intensity . Similarly, sweet potato mesophyll cells suspended in reduced water were also tested . Experiment II : photoinhibition of cell suspensions. In Experiment II, sweet potato leaf mesophyll cells were suspended in reduced water directly so that reduced water could rapidly and easily permeate into each cell. Fully expanded leaves (approximately 7-8 cm in width, 8 FW g) were cut into small pieces and digested in 12 mL of 5% driserase (Kyowa Hakko Inc.) solution with 0.45 M of mannitol for 6.5 h. The cell suspension obtained was rinsed with Bicine Buffer (0.08 g L-1, pH 8.0, Dojindo Laboratories, Japan) containing 0.45 M mannitol three times using centrifugation (1500 rpm). The leaf mesophyll cells were resuspended in 1 /4 strength MS media using the treated water with 0.4 M mannitol and 1.0 mM Bicine Buffer.
In this experiment, the effect of pH adjustment was also tested. In this study, a high pH solution and a KCl solution were also compared with reduced water, however, no significant difference was observed in chlorophyll fluorescence parameters .
In a previous study on the protective function for rice blast disease of electrolyzed water , it was reported that once the pathogen penetrated the host it could not be suppressed, indicating that the sprayed water hardly infiltrated into plant cells (Tamaki et al., 2001) . Thus, even if the antioxidative function of reduced water could perform against photoinhibition , there is the Fig. 4 Changes in Fv/Fm of dark-adapted leaves of spinach sprayed with various types of treated water during the photoinhibitory treatment.
See Table 1 Table  2 .
Prior to the measurements, cell suspension were exposed to 12000ƒÊmol m-2 s-1 PPFD for 10 s .
The PPFD during the measurements was 8ƒÊmol m-2 s-1.
